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Abstract. We investigate relationships between observed auroral and nebular oxygen line fluxes in spectra of 
Hn regions. We find a relation that is metallicity-dependent at low metallicities, but becomes independent of 
metallicity (within the uncertainties of the available data) above 12+logO/H ~ 8.25, i.e. there is one-to-one 
correspondence (the ff - relation) between auroral and nebular oxygen line fluxes in spectra of high-metallicity H II 
regions. The ff - relation allows one to estimate the flux in the auroral line from strong oxygen line measurements 
only. This solves the problem of the electron temperature (and, consequently, abundance) determina tion in high- 
metal licity H n regions. The ff - relation confirms the basic idea of the "empirical" method, proposed bv lPaeel et alJ 
il979f) a quarter of a century ago, that the oxygen abundance in Hn region can be esimated from the strong 
oxygen lines measurements only. 
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1. Introduction 

Accurate abundances in Hn regions can be derived via 
the classic T e - method, T e being the electron temper- 
ature of the Hn region. Measurements of faint auroral 
lines, such as [Om]A4363, are necessary to determine T e . 
Unfortunately, the auroral lines drop below detectability 
in the spectra of high-metallicity H n regions. The electron 
temperature T P is an indicator of the physica l conditions 
in Hll regions. IPiivuginl l|2000i l2001albl 12003]) advocated 
that the physical conditions in an H II region can be esti- 
mated via the excitation parameter P, i.e. using the strong 
oxygen nebular lines only. If this is the case then a rela- 
tionship between oxygen auroral and nebular line fluxes 
in spectra of H 11 regions must exist. This problem is ex- 
amined empirically here. 

We will be using the following notations through- 
out the paper: R 2 = I[oii]A3727+A3729/Ih/3, R-3 = 

I[OIII]A4959+A5007/Ih/3, R = I[OIII] A4363/Ih/3, R.23 = &2 + 

R3. With these definitions, the excitation parameter P 
can be expressed as: P = R3/(R2+R3). 



2. Observational data: line fluxes 

We need to select a sample of Hn regions which have 
oxygen line fluxes (including the auroral line [O iii]A4363) 
measured with high precision. The sample of low- 
metallicity H 11 regions in blue compact dwarf galaxies 

Send offprint requests to: L.S. Pilyugin 



observed by Izotoy with colleagues llFricke et all 2001 : 



Huseva et a,lll2lioill2003alblllzotov fc Tliua 



Tzotov et ahl 
Thuan et alJ 




120011 120041: iNoeske et all I2f 

meets that precision criterion. 
It constitutes one of the largest and most homogeneous 
data sets now available, being obtained and reduced in the 
same way. However, this sample contains only a few high- 
metallicity Hn regions. Additional recent measurements 
of the oxygen line fluxes in high-me tallicity (12+ logO/H 
> 8.25) Hll re g ions were tak e n from ICaplan et aT1{2000l) : 
Esteban et alJ {2004L pOOfl: iGarria-Roias et all 120041): 



Kennicutt et al. {200.1): I Lee et al .1 {20031): lOev fc Shields! 



1 20001) : lOev et all fcOOOl): IPeimbertl ll2003l): iTsamis et al 
12003 1) : TveTmeii et al.l {20021) : IVilchez fc Iglesias-Paramo 
(2003). The spectroscopic data so assembled form the ba- 
sis of the present study. 



3. Relationship 

The oxygen abundances in Hn regions from our sample 
are in the range from 12+logO/H ~ 7.2 to ~ 8.6. The 
auroral line flux R is shown as a function of the total flux 
in strong lines R23 in Fig. \T\ (top panel) . The plus signs 
are Hn regions with 7.4 < 12+logO/H < 7.6. The crosses 
are those with 7.8 < 12+logO/H < 8.0. The circles (filled 
+ open) are those with 12+logO/H > 8.25. Inspection of 
Fig. ^ shows that the flux in the auroral line R is linked 
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Fig. 1. Top panel. Flux in the oxygen auroral line R as a 
function of the total flux in strong nebular lines R23. The 
crosses are Hn regions with 7.8 < 12+logO/H < 8.0. The 
plus signs are those with 7.4 < 12+logO/H < 7.6. The 
circles (open + filled) are Hn regions with 12+logO/H 
> 8.25, the filled circles are points used for determina- 
tion of the ff - relation (the solid line). Middle panel. The 
open squares are measurements for individual areas of the 
H II region DEM 323 in the Large Magellanic Cloud, the 
filled square is t he integrated data 

lOev et al"ll2000(h The filled circle is the measurement for 
the a rea of the H 11 region M 16 in the Milky Way Galaxy 
from lCaplan et all feOOOl). the open c i rcle is that for the 
same Hn region from lEsteban et "al~l ((2005) . The line is 
the same as in the top panel. Bo ttom panel. The ope n 
squares are faint Hn regions from iBresolin et all l|2004l) . 
The values of R for those H II regions are estimated from 
the electron temperatures (see text). The filled circles and 
the line are the same as in the top panel. 



to the total flux in the strong nebular lines R23 through a 
relation of the type 

logi? = a + b x logi?23- (1) 

Eq. Q will be referred to hereinafter as the flux - flux or ff 
- relation. In the general case, the coefficient a (and may 
be also b) in the ff - relation is a function of the metallicity. 

The top panel of Fig. ^ shows that all the H 11 re- 
gions with 12+logO/H > 8.25 lie along a single line, i.e. 
the coefficient a becomes metallicity-independent at high 
metallicities (or this dependence becomes very weak and 
is masked by errors in the flux measurements.) However, 
the scatter in the R - R23 diagram for high-metallicity ob- 
jects is appreciable even for the recent measurements from 
the publications cited above. Therefore, the ff - relation 
is derived by using an iteration procedure. In a first step, 
the relation is determined from all data through the least 
squares method. Then, the point with largest deviation 
(AlogR) max is rejected, and a new relation is derived. The 
iteration procedure is stopped at the value of (AlogR) max 
= ±0.05 (the filled circles in the top panel of Fig.^l. The 
following values of the coefficients were obtained: a = - 
4.264 ± 0.038 and b = 3.087 ± 0.046. The ff - relation is 
shown in Fig. ^ by the line. 

Is the scatter in the R - R23 diagram real? If this 
is the case then it is necessary to establish the origin of 
the scatter, i.e. to establish a "third" parameter which 
is responsible for the scatter in the ff - relation. Small 
deviations of positions of H 11 regions from the ff - rela- 
tion can be naturally explained by the uncertainties in 
the flux measurements. It should be emphasized that the 
largest contribution to the deviation A(logR) of the mea- 
sured value of logR from the line does not necessarily come 
from errors in the measurement of R. In fact, a large er- 
ror in the measurement (and/or in the dereddening) of 
the weak auroral line (say, 40%) and much smaller (10%) 
error of the strong nebular lines result in the same value 
of the discrepany A(logR) ~ 0.15 dex, since R ~ R23 087 . 
Examination of the top panel of Fig. ^ shows that three 
G alactic H 11 regi o ns (M 16, M 20 and S 311 from the list 
of lEsteban et alJ l|2005h ) have large deviations from the 
line, of order 0.2 dex. It does not seem possible to explain 
this from errors in the measurements. 

There are other reasons why an H 11 region may 
give measuremen ts lying off the line. It has been noted 
( Pil vuginl . l2001al) that a combination of the nebular line 
fluxes (the excitation parameter P) is a good indicator 
of the physical conditions in an H II region if two con- 
ditions are satisfied; i) the measured fluxes reflect their 
relative contributions to the radiation of the whole neb- 
ula, ii) the H 11 region is ionization-bounded. It can be 
suggested from general considerations that the ff - rela- 
tion also depends on these two conditions being satisfied. 
This suggests that the deviation from the ff - relation 
can occur if the line fluxes measured within the slit do 
not reflect their relative contributions to the radiation of 
the nebula as a whole. This would happen, for example, 
if the relative fractions of the [O Ii] and [O ill] zones in 
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Fig. 2. The residuals A(logR) from the ff - relation as 
a function of oxygen abundance (top panel) and of exci- 
tation parameter P (bottom panel). The filled circles are 
points used for the determination of the ff - relation, the 
lines are best fits to those data. The open circles are other 
H II regions with measured R. Th e open squares are H II 
regions from iBresofin et afl l|2004j) with R estimated. 



the slit differ significantly from those of the entire nebula. 
This effect would be more important for extended H n re- 
gions or H II regions with multiple emission peaks (due, 
e.g., to spatially distributed separate ionization sources) 
when only a small fraction of such an H n region is within 
the slit. This suggestion can be tested in the following 
way. The middle panel of Fig. ^ shows the measurements 
for multiple positions in the Hn region DEM 323 in the 
Large Magellanic Cloud (the open squares) and the inte - 
grated data (the filled square) from lOev k, Sh ields ( 2000); 
lOev et ahl l)2000|) . The integrated data are in agreement 
with the ff - relation while those for some individual ar- 
eas show significant deviations. Comparison between in- 
tegrated fluxes and those for individual areas shows that 
the largest deviation occurs when the relative contribu- 
tion of R2 flux to R23 is significantly higher than in the 
integrated spectrum. 

There are two recent measurements of t he oxygen line 
fluxes in the Galactic H n region M 16 l|Caplan et all 
200 0llEsteban et alll2005|) . Its position based on the data 
o flCaolan et alJ l |200f)l) fthe filled circle in the middle panel 
of Fig. ffl) is very close to the ff - relation, whereas those 
of lEsteban et al.l l|2005l) (shown by the open circle) show 
a large deviation. Again, the relative contribution of the 
R2 flux in the spectrum is significantly higher in the case 
of large deviation from the ff - relation than that in the 
case of no (or small) deviation. 

The ff - relation was derived on the basis of bright 
H 11 regions. iBresolin et alJ l|2004j) have recently detected 
the auroral line [Siii]A6312 and/or [Nn]A5755 and deter- 
mined the T e -based abundances in 10 faint Hn regions in 



the spiral galaxy M 51. Unfortunately they were unable to 
detect the oxygen auroral line R. We verify whether their 
faint H 11 regions follow the ff - relation in the following 
way. Using the elect ron temperature t3 recommended by 
IBresolin etaTl l|2004h and equations of the T e -method, we 
have estimated the value of R which corresponds to the t3 
for every Hn region. The bottom panel in Fig.^shows the 
R ve rsus R93 diagram for the sample of faint Hn regions 
from IBresolin et all l|2004h (the open squares). The solid 
line is the ff - relation from the top panel. The positions of 
faint H 11 regions in the R - R23 diagram show some kind 
of bifurcation. It is seen that the oxygen line fluxes in six 
faint H 11 regions (CCM 54, CCM 55, CCM 57, CCM 57A, 
CCM 71A, and CCM 84A) are in good agreement with the 
ff - relation while the remaining four (CCM 10, CCM 53, 
CCM 72, and P 203) show significant deviations. The po- 
sitions of those discrepant H 1 1 regio ns in the tNii versus 
tsm diagram of lBresolin et all l|2004l) (their Fig. 2) suggest 
that their electron temperature determinations should be 
accurate, and, consequently, that their values of R esti- 
mated from the electron temperatures should be reliable. 
The deviation from the ff - relation is thus probably due 
to uncertainties in the nebular oxygen line fluxes, and es- 
pecially in the R2 line flux since it makes a dominant con- 
tribution to the R23 value, the flux in the R3 line being 
small. If this is the case, then the measured R2 fluxes in 
the four Hn regions CCM 10, CCM 53, CCM 72, and 
P 203 are overestimated by 20 to 30% , highe r than the 
errors of ~ 10% given bv IBresolin et all l)2004[) . As it was 
noted above the deviations from the ff - relation can oc- 
cur if the line fluxes measured within the slit do not reflect 
their relative contributions to the radiation of the nebula 
as a whole and this effect would be more important for ex- 
tended H 11 regions. It is interesting to note that at least 
three of the Hn regions with large A(logR) (CCM 10, 
CCM 72, and P 203) have significantly larger angular di- 
ameters tjraii_ybe_FIn regions with small A(logR) in the 
sample. IBresolin et all l|2004j) have noted that large dif- 
ferences were found for CCM 10 and CCM 53 when they 
compare their line intensities with those reported by other 
authors. 

The residuals A(logR) from the ff - relation are shown 
in Fig. [21 as a function of oxygen abundance (top panel) 
and of excitation parameter P (bottom panel). (Hn re- 
gions with deviations greater than 0.2 dex were excluded 
from consideration.) The filled circles are points used for 
the determination of the ff - relation, the lines are best 
fits to those data. The open circles are other H 11 regions 
with measured R. The open squares are those w ith esti- 
mated R from the sample of lBresolin et all l|2004[h Fig. [3 
shows that the differences A(logR) do not show an appre- 
ciable correlation with metallicity or with the excitation 
parameter for the sample of objects with high-precision 
flux mesurements. 

Thus there seems to be no "third" parameter in the ff 
- relation, and the scatter in the R - R23 diagram seems 
to be caused cither by errors in the flux measurements or 
by the fact that the measured fluxes do not reflect their 
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relative contributions to the radiation of the whole nebula. 
We need more high-precision data to confirm or reject this 
suggestion. 

4. Conclusions 

A relationship between observed auroral and nebular oxy- 
gen line fluxes in spectra of Hn regions was considered. It 
was found that this relationship is metallicity-dependent 
at low metallicities and becomes independent of metal- 
licity (within the uncertainties of the available data) at 
metallicities higher than 12+logO/H ~ 8.25, i.e. there is 
one-to-one correspondence (the ff - relation) between au- 
roral R and nebular oxygen line R23 fluxes in spectra of 
high-metallicity Hn regions over more than three orders 
of magnitude in R. 

The ff - relation allows one to estimate the auroral line 
flux from the measured nebular line fluxes. This solves the 
problem of the electron temperature (and, consequently, 
abundance) determination in high-metallicity H 11 regions. 

The ff - relation confir ms the basic i dea o f the "empir- 
ical" method, proposed bv lPaeel et alJ l)l979(l a quarter of 
a century ago, that the oxygen abundance in H 11 region 
can be esimated from strong oxygen line measurements 
only. 

Among other things, the ff - relation provides a pos- 
sibility to select the Hn regions with high quality line 
measurements and in which measured fluxes reflect their 
relative contributions to the radiation of the whole nebula. 

A detailed discussion of the application of the ff - re- 
lation to abundance determinations in H 11 regions will be 
given elsewhere. 

Acknowledgements. It is a pleasure to thank the referee, 
M. Peimbert, for helpful comments and suggestions. I am 
grateful to B.E.J. Pagel for constructive comments and sug- 
gestions as well as improving the English text. I thank 
N.G. Guseva, Y.I. Izotov, T.X. Thuan, and J.M. VQchez for 
useful discussions. This study was partly supported by grant 
No 02.07/00132 from the Ukrainian Fund of Fundamental 
Investigations. 



Guseva, N.G., Papaderos, P., Izotov, Y.I., Green, R.F., 
Fricke, K.J., Thuan, T.X., & Noeske, K.G. 2003a, A&A, 
407, 75 

Guseva, N.G., Papaderos, P., Izotov, Y.I., Green, R.F., 
Fricke, K.J., Thuan, T.X., & Noeske, K.G. 2003b A&A, 
407, 91 

Guseva, N.G., et al. 2001, A&A, 378, 756 
Izotov, Y.I., Chaffee, F.H., & Green, R.F. 2001, ApJ, 562, 
727 

Izotov, Y.I., Papaderos, P., Guseva, N.G., Fricke, K.J. & 

Thuan, T.X. 2004, A&A, 421, 539 
Izotov, Y.I., & Thuan, T.X. 1998, ApJ, 500, 188 
Izotov, Y.I., & Thuan, T.X. 2004, ApJ, 602, 200 
Izotov, Y.I., Thuan, T.X., & Lipovetsky, V.A. 1994, ApJ, 

435, 647 

Izotov, Y.I., Thuan, T.X., & Lipovetsky, V.A. 1997, ApJS, 
108, 1 

Kennicutt, R.C., Bresolin, F., & Garnett, D.R. 2003, ApJ, 
591, 801 

Lee, H., McCall, M.L., Kingsburgh, R.L., Ross, R., & 

Stevenson, C.C. 2003a, AJ, 125, 146 
Noeske, K.G., Guseva, N.G., Fricke, K.J., Izotov, Y.I., 

Papaderos, P., & Thuan, T.X. 2000, A&A, 361, 33 
Oey, M.S., Dopita, M.A., Shields, J.C., & Smith, R.S. 

2000, ApJS, 128, 511 
Oey, M.S., & Shields, J.C. 2000, ApJ, 539, 687 
Pagel, B.E.J. , Edmunds, M.G., Blackwell, D.E., Chun, 

M.S., & Smith, G. 1979, MNRAS, 189, 95 
Peimbert, A. 2003, ApJ, 584, 735 
Pilyugin, L.S. 2000, A&A, 362, 325 
Pilyugin, L.S. 2001a, A&A, 369, 594 
Pilyugin, L.S. 2001b, A&A, 373, 56 
Pilyugin, L.S. 2003, A&A, 399, 1003 
Thuan, T.X., Izotov, Y.I., & Foltz, C.B. 1999, ApJ, 525, 

105 

Thuan, T.X., Izotov, Y.I., & Lipovetsky, V.A. 1995, ApJ, 
445, 108 

Tsamis, Y.G., Barlow, M.J., Liu, X.-W., Danziger, I.J., & 

Storey, P.J. 2003, MNRAS, 338, 687 
Vermeij, R., Damour, F., van der Hulst, J.M., & Baluteau, 

J.-P. 2002, A&A, 390, 649 
Vi'lchez, J.M., & Iglesias-Paramo, J. 2003, ApJS, 145, 225 



References 

Bressolin, F., Garnett, D.R., & Kennicutt, R.C. 2004, 
ApJ, 615, 228 

Caplan, J., Deharveng, L., Peha, M., Costero, R., & 

Blondel, C. 2000, MNRAS, 311, 317 
Esteban, C, Garcfa-Rojas, J., Peimbert, M., Peimbert, 

A., Ruiz, M.T., Rodriguez, M., & Carigi, L. 2005, ApJ, 

618, L95 

Esteban, C, Peimbert, M., Garcia-Rojas, J., Ruiz, M.T., 
Peimbert, A., & Rodriguez, M. 2004, MNRAS, 355, 229 

Fricke, K.J., Izotov, Y.I., Papaderos, P., Guseva, N.G., & 
Thuan, T.X. 2001, AJ, 121, 169 

Garcfa-Rojas, J., Esteban, C, Peimbert, M., Rodriguez, 
M., Ruiz, M.T., & Peimbert, A. 2004, ApJS, 153, 501 



